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Abstract 
The method of light scattering applied to measure the roughness of polished surfaces is based on the statistical evaluation of the 
light sent by the surface under test; it can therefore characterize the surface as a function of the distribution of scattered light and 
correlate this distribution with the parameters of roughness. The light scattered by a rough surface contains information about its 
quality. 
The scattering measurement technique used in this work is the total integrated scattering (TIS), which measure the ratio of 
scattered light within a hemisphere covering the surface to be inspected, to the total reflected light by the surface. Then the rms 
roughness is obtained when it is small compared to the wavelength of light of test.  
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1. Introduction 
Quality control of a technical product is an industrial necessity; it occupies an important place in the 
manufacturing process. It became a parameter required by economic and social operators. From this need science 
has gone into this process of particular importance. 
Quality control of a surface must be accurate, fast and economical. The choice of method for measuring the 
roughness is related to the importance of information, quality of product and destination market because the 
measurement accuracy is strongly related to the used method. 
Conventional methods for characterizing surface roughness, including mechanical profilometry, are limited in 
spatial frequency and can be destructive. 
In this paper we present a noncontact method, based on the optical phenomenon of light scattering. 
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2. Theoretical background 
2.1. Surface quality 
Nothing is more informative than a surface because it has a determining role on the geometrical, mechanical, 
thermal, physico-chemical, electronic and optical properties of technical products. 
 
 
Figure 1. Schematic representation of a rough surface [1] 
Figure 1 shows the cross section of a rough surface whose points are defined by their heights Zi compared to 
the mean surface, it is defined by: 
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The most common parameter used to characterize the roughness is the rms, denoted δ : 
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The correlation length σ informs on the distance between two near bumps of the surface, it is introduced when 
we consider the autocorrelation function G(xi) 
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2.2. The total integrated scattering (TIS) 
TIS is defined as the ratio of scattered light within a hemisphere on the total reflected light from the surface. The 
surface is assumed to be opaque so that no light transmitted or scattered by imperfections in the material, or 
reflected by the posterior surface. Theoretically, TIS includes all the scattered light from the specular direction to the 
razing angle of the surface. Any light reflected from the surface can be seen as reflected light; the specularly 
reflected light as coherent and the scattered light as incoherent. 
The scalar diffusion theory of Beckmann [2; 3] combines the specular reflectivity of a surface Rr and total 
reflectance R0 (which includes the diffuse reflectance Rd) to the rms roughness δ and the wavelength λ of incident 
light (light of test). Assuming δ<<λ, the TIS ratio is written as: 
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With dr RRR +=0   
 
From which the value of the rms roughness is given by: 
TIS
0cos4 θπ
λδ =         (5) 
2.3. TIS Instrumentation 
The instrumentation for measuring TIS consists of a light source, usually a He-Ne laser, filters to reduce the 
intensity of light in a controlled manner, a spatial filter or other to control the size beam, a device to collect the 
scattered light and detectors to measure scattered light and specularly reflected light. 
Suitable electronic and computer equipment is for measuring the detected signal, calculate the intensity and 
determine the roughness. 
The scattered light can be collected using an integrating sphere, it is pierced with a hole to allow light enter, a 
second hole in opposite side where the sample is mounted and a third hole for positioning the measuring detector for 
scattered light. 
The internal surface of the sphere is coated with a white translucent material, usually the barium sulfate or 
magnesium oxide. 
3. Experimental  
3.1. Experimental setup 
The experimental setup, as shown in the figure 2.b, is developed according to the diagram in figure 2.a [4]. It 
consists of the elements listed below: 
 
  
 
(a)      (b) 
 
Figure  2.  Mounting for the total integrated scattering TIS - 
(a) Principle of the integrating sphere, (b) Experimental setup 
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A He-Ne laser (1) of wavelength λ = 632.8 nm, spatially filtered (2), enlarged by the objective of microscope (3) 
and the converging lens (4) is divided by the beam splitter (5) into two beams of equal intensity. The first beam 
crosses the cube and is measured by a photodiode detector giving the incident intensity Ii. The second beam falls at 
normal incidence on the sample surface that reflects specularly a portion of this beam, it is measured by the detector 
(6) giving the reflected intensity Ir and the other part is scattered, collected by the integrating sphere (7) and 
measured by the detector (8) giving the scattered intensity Id. Intensities Ii, Ir and Id are gathered by the 
Amperemeter (9).   
3.2. Sample preparation 
The samples are pastilles of optical glass of cylindrical form, their diameter is 30 mm and their thickness is 10 
mm. They have been grinded to reduce their roughness to micrometer scale, and then polished using the 
polyurethane buffer, with cerium oxide as polishing agent which the concentration of abrasive grains is of 10 grams 
per cm3 in distilled water [5]. 
3.3. Measurements and results 
Measurements are carried out on a straight profile of 10 mm on the surface with a scanning step of 1 mm and for 
different polishing time. The TIS ratio and the rms roughness δ are obtained respectively by: 
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The results are summarized in table 1: 
Table 1. Intensities Ii, Ir and Id, and the values of TIS and δ for glass LF7 (polishing time = 12 min) 
Position 
x 1 mm Ii [nA] Id [10
-2 nA] Id+Ir [nA] TIS δ [nm] 
1 1,915 191,86 27,34 0,0702 15,4 
2 1,957 93,78 27,73 0,0336 10,7 
3 2,002 77,52 28,46 0,0271 09,6 
4 2,052 157,97 28,21 0,2119 13,8 
5 2,067 71,07 29,52 0,0241 09,0 
6 2,042 206,60 29,33 0,0706 15,4 
7 1,915 98,25 27,31 0,0360 11,0 
8 1,915 64,45 27,19 0,0237 08,9 
9 1,916 100,82 27,37 0,0368 11,2 
10 1,917 70,09 27,24 0,0257 09,3 
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For this set of 10 measurements of δi we calculate δavg (the average value of δi) and then we determine the 
average deviation and the standard deviation as: 
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We calculate the deviation of each of δi over δavg and see if it exceeds four times the average deviation  
(i.e. 4 × 2.063 = 8.252), so δi can be eliminated and δavg is recalculated for the remaining values δi. Table 2 
reproduces the ratio of the absolute value of δi - δavg to the average deviation. 
Table 2. Ratio of the absolute value |δi - δavg| and the average deviation for the glass LF7 (polishing time = 12 min) 
viationAverage_De
moyi δδ −
 1,926 0,375 0,899 1,127 1,170 1,946 0,196 1,204 0,133 1,020 
 
As can be seen, all values in the table above are less than four, so no value of δi is excluded. 
To see the effect of polishing time on the evolution of roughness, measurements are made for a progressive 
polishing between 2 min and 14 min with a step of 2 min. Table 3 brings together the values of δ, the average 
deviation and standard deviation for the sample LF7. 
Table 3. Values for δ, average deviation and standard deviation for the glass LF7 versus polishing time. 
Polishing time [min] 2 4 6 8 10 12 14 
δ [nm] 28,5 25,6 21,4 18,2 15,4 11,4 12,3 
Average_deviation [nm] 3,0 2,4 2,3 1,2 2,1 2,1 2,2 
Standard_deviation [nm] 3,7 2,7 2,8 1,5 2,2 2,5 2,4 
3.4. Measures for some optical glasses 
Additional measures for different optical glasses are made in the same way as before. We registered the 
following results (table 4): 
Table 4. Values of δ, the average deviation and standard deviation for some optical glasses. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Glasses δ [nm] Average_deviation Standard_deviation 
SFL6 08,5 1,7 1,9 
BK7 11,0 2,1 2,2 
SF4 16,2 2,1 2,6 
FN11 21,4 2,7 3,6 
SK16 16,1 1,1 1,6 
SF15 19,0 1,6 1,8 
SF64A 18,2 1,2 1,4 
H14 17,9 2,0 2,3 
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4. Conclusion 
We use an indirect optical method of measurement based on the scalar theory of light scattering to characterize 
the surface roughness of optical glasses that have undergone a polishing of optical quality. The values of the 
statistical parameter of roughness δ are then determined. 
The intensity of the scattered light is proportional to the roughness of the surface; when it is small compared to 
the wavelength of light (δ<<λ), specular reflection is important and the scattering is low and vice versa depending 
on the orientation of the slopes of surface irregularities. 
Scattering measurements require on one hand, the use of monochromatic, coherent and stable light and secondly 
the knowledge of the dispersive nature of the sample depending on the used wavelength. 
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